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tines at least partially move towards the planar configuration to pull
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CLOSURE DEVICE AND METHODS FOR MAKING AND USING THEM

FIELD OF THE INVENTION
The present invention relates generally to apparatus' and methods for engaging
tissue and/or closing openings through tissue, e.g., into body lumens, and more
particularly to devices for closing a puncture in a blood vessel or other body lumen formed
during a diagnostic or therapeutic procedure, and t‘o methods for making and using such

devices.

BACKGROUND

Catheterization and interventional procedures, such as angioplasty or stenting,
generally are performed by inserting a hollow needle through a patient’s skin and
intervening tissue into the vascular system. A guide wire may then be passed through the
needle lumen into the patient’s blood vessel accessed by the needle. The needle may be
removed, and an introducer sheath may be advanced over the guide wire into the vessel,
e.g., in conjunction with or subsequent to a dilator. A catheter or other device may then be
advanced through a lumen of the introducer sheath and over the guide wire into a position
for performing a medical procedure. Thus, the introducer sheath may facilitate
introduction of various devices into the vessel, while minimizing trauma to the vessel wall
and/or minimizing blood loss during a procedure.

Upon completion of the procedure, the devices and introducer sheath may be
removed, leaving a puncture site in the vessel wall. External pressure may be applied to
the puncture site until clotting and wound sealing occur, This procedure, however, may be
time consuming and expensive, requiring as much as an hour of a physician’s or nurse’s
time. It is also uncomfortable for the patient, and requires that the patient remain
immobilized in the operating room, catheter lab, or holding area. In addition, a risk of
hematoma exists from bleeding before hemostasis occurs.

Various apparatus have been suggested for percutaneously sealing a vascular
puncture by occluding the puncture site. For example, U.S. Patent Nos. 5,192,302 and
5,222,974, issued to Kensey et al., describe the use of a biodegradable plug that may be
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delivered through an introducer sheath into a puncture site. When deployed, the plug may
seal the vessel and provide hemostasis. Such devices, however, may be difficult to
position properly with respect to the vessel, which may be particularly significant since it
is generally undesirable to expose the plug material, e.g., collagen, within the bloodstream,
where it may float downstream and risk causing an embolism.

Another technique has been suggested that involves percutancously suturing the
puncture site, such as that disclosed in U.S. Patent No. 5,304,184, issued to Hathaway et
al. Percutaneous suturing devices, however, may require significant skill by the user, and
may be mechanically complex and expensive to manufacture.

U.S. Patent No. 5,478,354, issued to Tovey et al., discloses a surgical fastener
including an annular base having legs that, in a relaxed state, extend in a direction
substantially perpendicular to a plane defined by the base and slightly inwards toward one
another. During use, the fastener is fit around the outside of a cannula, thereby deflecting
the legs outward. The cannula is placed in an incision, and the fastener is slid along the
cannula until the legs pierce into skin tissue. When the cannula is withdrawn, the legs
move towards one another back to the relaxed state to close the incision.

U.S. Patent Nos. 5,007,921 and 5,02'6,390, issued to Brown, disclose stapies that
may be used to close a wound or incision. In one embodiment, an “S” shaped staple is
disclosed that includes barbs that may be engaged into tissue on either side of the wound.
In another embodiment, a ring-shaped staple is disclosed that includes barbs that project
from the ring. Sides of the ring may be squeezed to separate the barbs further, and the
barbs may be engaged into tissue on either side of a wound. The sides may then be
released, causing the barbs to return closer together, and thereby pulling the tissue closed
over the wound. These staples, however, have a large cross-sectional profile and therefore
may not be easy to deliver through a percutaneous site to close an opening in a vessel wall.

Accordingly, devices for engaging tissue, e.g., to close a vascular puncture site,

would be considered useful.

SUMMARY OF THE INVENTION
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The present invention is directed to devices and methods for engaging tissue, e.g.,
to connect tissue segments together or to close and/or seal openings through tissue, such as
in a wall of a body lumen. More particularly, the present invention is directed to vascular
closure devices or clips for closing a puncture in a wall of a blood vessel formed during a
diagnostic or therapeutic procedure, and to methods for making and using such devices.

In accordance with one aspect of the present invention, a device for closing an
opening in a body lumen is provided that includes a generally annular-shaped body
defining a plane, and a plurality of tissue engaging portions extending from the annular-
shaped body substantially transversely with respect to the plane. In this embodiment,
opposing tissue engagihg portions, e.g., tines, are biased towards a substantially pianar
configuration lying in the plane. In one embodiment, the tissue engaging portions are
biased towards one another, e.g., to close a puncture site or other opening through tissue.
Alternatively, the tissue engaging portions may be biased away from one another.

In a preferred embodiment, the tissue engaging portions are integrally formed with
the annular-shaped body, e.g., from a sheet of material, such as Nitinol or other
superelastic alloy. The tissue engaging portions may be formed with the sheet of material
in the substantially planar configuration. The tissue engaging portions may be deflected
substantially transversely with respect to the plane to define a substantially transverse
configuratidn. Alternatively, the device may be formed from an elongate wire or tube that
may be wound to form an enclosed body.

In one embodiment, the tissue engaging portions, e.g., tines, optionally including
barbs, for penetrating tissue, may be disposed substantially symmetrically about a central
axis. Alternatively, the tissue engaging portions may be disposed in opposing sets along a
linear axis.

In accordance with another aspect of the present invention, a device for engaging
tissue, e.g., to close an opening in a body lumen, is provided that includes a generally
annular-shaped body defining a plane. A plurality of tissue engaging portions extend from
the annular-shaped body substantially transversely with respect to the plane. In a preferred
embodiment, opposing tissue engaging portions of the device are biased towards a

substantially planar configuration lying in the plane, s described above.
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One or more expandable elements are disposed along a periphery of the annular-
shaped body. The expandable elements are expandable between expanded and
compressed states for increasing and reducing a peripheral dimension of the annular- |
shaped body, respectively. In one embodiment, the expandable elements may be an
enclosed cell, e.g. a diamond-shaped cell, having a first width in the expanded state and a
second width in the compressed state that is smaller than the first width. Alternatively, the
expandable elements may be a zigzag element or an arcuate element. Preferably, the
expandable elements are biased to the expanded state, e.g., by appropriate heat treating of
the expandable elements. Alternatively, the expandable elements may be biased to the
compressed state.

In accordance with yet another aspect of the present invention, a clip, such as those
described above, may be loaded on a delivery apparatus and used to close and/or seal an
opening in a wall of a body lumen. The apparatus generally includes a sheath including
proximal and distal ends defining a longitudinal axis therebetween. A housing is slidably
disposed on the sheath, the housing including an annular cavity therein. A clip, such as
those described above, is disposed within the cavity with the tissue engaging portions
disposed substantially distally.

The housing is preferably actuable for advancing the clip distally towards the distal
end of the sheath, e.g., to deploy the plip from the cavity. For example, the apparatus may
include an actuator coupled to the housing, the actuator configured for advancing the
housing distally to deploy the clip. Preferably, the actuator includes a spring mechanism
for biasing the housing distally upon activation of the actuator. In addition, the apparatus
may include a locator element for positioning the distal end of the sheath, such as a bleed
back lumen or a mechanical locator.

During use, the distal end of the sheath, with the housing and clip near its proximal -
end, may be positioned through a patient’s skin along a passage and into a body lumen via
an opening in the wall of the body lumen. One or more instruments may be introduced
through the lumen of the sheath into the body lumen. A diagnostic or therapelitic
procedure may be performed using the instruments at a location accessed via the body

lumen. For example, in a preferred method, the body lumen is a peripheral blood vessel,
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such as a femoral artery, and the procedure may include angioplasty, atherectomy, stent
delivery, delivery of a therapeutic agent, and/or tissue ablation.

The sheath may be manipulated, for example, with the aid of a locator element, to
position the distal end with respect to the opening, e.g., to ensure that the clip engages a
wall of the body lumen or other tissue proximal to the opening and is not advanced into
the body lumen itself. The housing is advanced distally into the passage, e.g., until the
tissue engaging portions of the clip substantially engage the wall of the body lumen or
other tissue proximal to the opening in the wall of the body lumen. In addition, or
alternatively, the clip may be deployed from the housing, for example, by an ejector within
the housing. The sheath may then be withdrawn from the body lumen and passage,
leaving the clip in the passage. As the distal end of the sheath is withdrawn through the
clip, the tissue engaging portions automatically at least partially move towards the planar
configuration to pull the engaged tissue together and substantially close the opening.

In one embodiment, the clip automatically expands to an enlarged cross-section
when the clip is deployed from the housing. Thus, the clip may be compressed to facilitate
loading into the housing, and thereby provide a reduced profile for the clip. This may be
useful to allow the clip to be delivered through a smaller puncture.

A method according to the present invention may include causing a clip or other

closure element to engage tissue, e.g., muscle, fat, fascia, and the like, that is proximal to

" the body lumen. Thus, unlike previously known methods, which are directed to closing

the wall of a blood vessel using clips or sutures, the present invention may include
deploying a closure element in the passage to cause it to engage intermediate tissue
between the patient’s skin and the wall of the body lumen. When performed in this
manner, the need to precisely position a closure element may be avoided as is required
when engaging the wall of a vessel. Instead, the closure element may be located and
delivered at a range of locations along the length of the passage yet still close and/or seal
the passage. In effect, extra-vascular tissue is engaged to close the passage and thereby
cause sealing of the wound. When the closure element is deployed, it is preferably planar,
e.g., extending substantially parallel to the surface of the patient’s skin, although not

necessarily so.
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Other objects and features of the present invention will become apparent from
consideration of the following description taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a top view of a first embodiment of a clip including a plurality of tissue
engaging portions in a planar orientation, in accordance with the present invention.

FIGS. 1B and 1C are side views of the clip of FIG. 1, with the tissue engaging
portions oriented substantially transversely from the planar orientation, in reduced and
expanded diameters, respectively.

FIG. 1D is a top view of the clip of FIG. 1 with the tines oriented substantially
transversely from the planar orientation.

FIG. 2 is a top view of a second embodiment of a clip, in accordance With the
present invention.

FIG. 3 is a top view of a third embodiment of a clip, in accordance with the present
invention.

FIG. 4 is a top view of a fourth embodiment of a clip, in accordance with the
present invention.

FIG. 5 is a top view of a fifth embodiment of a clip, in accordance with the present
invention.

FIG. 6 is a top view of the clip of FIG. 5 with the clip unwound from its annular
shape.

FIGS. 7A and 7B are top views of an alternative embodiment of the clip of FIG. 5,
the clip shown unwound and including expandable elements shown in their expanded and
compressed states, respectively.

FIGS. 8A and 8B are top views of another alternative embodiment of the clip of
FIG. 5, the clip shown unwound and including expandable cells shown in their expanded
and compressed states, respectively.

‘FIG. 9 is a side view of an apparatus for delivering a clip, including an introducer

sheath and an actuator assembly, in accordance with the present invention.
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FIGS. 10A-10D are cross-sectional views of a blood vessel, showing a method for
delivering a closure device into a passage communicating with the vessel such that the
closure device engages the vessel wall.

FIGS. 11A-11D are cross-sectional views of a blood vessel, showing another
method for delivering a closure device into a passage communicating with the vessel such
that the closure device engages extra-vascular tissue proximal to the vessel Wall.

FIG. 12 is a top view of an alternative embodiment of a clip, in accordance with

the present invention.

FIGS. 13-15 are top views of additional embodiments of a clip, in accordance with

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Turning now to the drawings, FIGS. 1A-1D show a first preferred embodiment of a

closure device or clip 10 for closing an incision, puncture, or other passage communicating

with a blood vessel or other bpdy lumen (not shown). The clip 10 includes a peripheral
body 12 and a plurality of tissue engaging portions 14. Each tissue engaging portion 14
includes a pair of legs 16 terminating in a tine 18 configured for penetrating or otherwise
engaging tissue. The tines 18 may include a variety of known pointed tips, such as a
bayonet tip, and/or may include barbs (not shown) along an edge or planar surface of the
tine 28. The tissue engaging portions 14 are disposed substantially symmetrically about a
central axis 24. The body 12 also preferably includes a plurality of expandable cells 20
that are connected by hinged regions 22 that also connect adjacent tissue engaging portions
14.

In a preferred embodiment, the body 12 and tissue engaging portions 14 are
integrally formed from a single sheet of material, preferably a superelastic alloy, such as a
nickel-titanium (“Nitinol”) alloy. Portions of the sheet may be removed using
conventional methods, such as laser cutting, chemical etching, and the like, to form the
clip 10. FIG. 1A shows the clip 10 with the tissue engaging portions 14 in a substantially
planar configuration lying in a plane defined by the sheet. The clip 10 may include one or

more radiopaque markers or other markers visible using external imaging, such as
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fluoroscopy. For example, the entire clip 10 may be coated with radiopaque material, or
one or more discrete markers may be provided at predetermined locations on the clip 10.

As shown in FIGS. 1B ad 1D, the tissue engaging portions 14 may be dcflected
such that they extend from the body 12 substantially transversely with respect the plane
defined by the sheet. Preferably, the tissue engaging portions 14 are oriented substantially
parallel to the axis 24 to define a transverse configuration, as shown in FIG. 1B.
Alternatively, the tissue engaging portions 14 may define an angle with respect to the axis
24, as shown in FIG. 1D. In the clip’s transverse configuration, the body 12 has a
generally annular shape, e.g., a hexagonal shape as shown in FIG. 1D. Preferably, the |
body 12 is sufficiently flexible such that the clip 10 assumes a generally circular or
elliptical shape (not shown), e.g., conférming to an exterior surface of a delivery device
(not shown) used to delivery the clip 10.

Pfcferably, the tissue engaging portions 14 are biased from the transverse
configuration towards one another, i.e., towards the planar configuration of FIG. 1A.
Thus, with the tissue engaging portions 14 in the transverse configuration, the tines 18
may be engaged with tissue, e.g. adjacent to a puncture site. When the clip 10 is released,
the tissue engage portions 14 may attempt to return to the planar configuration, thereby
drawing the engaged tissue together and substantially closing and/or sealing the puncture
site.

In addition, the expandable cells 20 may be expandable from a compressed state,
shown in FIG. 1B, to an expanded state, shown in FIG. 1C. Preferably, the expandable
cells 20 are biased to the expanded state, but may be compressed to the compressed state,
e.g., by constraining the clip 10. In one embodiment, the clip 10 is formed with the
expandable cells 20 in the expanded state. With the clip in its transverse configuration, the
expandable cells 20 may be circumferentially and/or radially compressed to the
compressed state such that the clip 10 defines a first diameter 26a, shown in FIG. 1B. The
clip 10 may be constrained at the first diameter, e.g., by loading the clip 10 into a delivery
device (not shown), as described further below. When released from the constraint, e.g.,
when deployed from the delivery device, the clip 10 may automatically expand to a second

diameter 26b, shown in FIG. 1C. Thus, the expandable cells 20 may reduce the profile of
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the clip 10 during delivery, e.g., to facilitate introduction of the clip 10 through a smaller
puncture or other passage.

In an alternative embodiment, the clip 10 may be formed from a shape memory
alloy; e.g., Nitinol, with the expandable cells in the compressed state. With the clip 10 in
the transverse configuration, the clip 10 may be expanded, e.g., by applying a force
radially outwards against an inner surface of the clip 10, thereby expanding the expandable
cells 20 to the expanded state and expanding the clip 10 to the second diameter 26b. The
expandable cells 20 may then be heat treated to cause the expandable cells 20 to
“remember”’ the expanded state, as is known to those skilled in the art. It may also be
necessary to subsequently heat treat the clip 10 further, e.g. with the tissue engaging
portions 14 in the planar configuration to cause the tissue engaging portions 14 to
“remember”’ and be biased to the planar configuration, as is known to those skilled in the
art.

Turning to FIG. 2, a second preferred embodiment of a clip 110 is shown that
includes a peripheral body 112 and a plurality of tissue engaging portions 114. Each tissue
engaging portion 114 includes a pair of legs 116 terminating in a tine 118. The tissue
engaging portions 114 are disposed substantially symmetrically about a central axis 124.
The body 112 also preferably includes a plurality of expandable cells 120 that are
connected by hinged regions 122 that also connect adjacent tissue engaging portions 114,
similar to the first embodiment described above.

The tissue engaging portions 114 may be deflected such that they extend
substantially transversely from the body 112 (not shown). Preferably, the tissue engaging
portions 114 may be oriented substantially parallel to the axis 124 to define a transverse
configuration such that the body 112 has a generally annular shape. The tissue engaging
portions 114 are preferably biased from the transverse configuration towards one another,
i.e., towards the planar configuration of FIG. 2, similar to the previous embodiment.

The expandable cells 120 have a generally arcuate shape that may be expandable
from a first width to a second wider width (not shown), behaving similarly to the diamond-
shaped cells of the previous embodiment. Thus, the expandable cells 120 may be biased to

the expanded state, but may be compressed to the compressed state, as described above.
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Turning to FIG. 3, another embodiment of a clip 210 is shown that includes a
peripheral body 212 including a plurality of arms 216 extending between tissue engaging
portions or tines 214, expandable cells 220, and hinged regions 222. The clip 210 is
preferably formed from a single sheet of material, similar to the embodiments described
above, with the tines 214 biased to a planar configuration, as shown. The body 212 is
deflectable to a transverse configuration (not shown) such that the tines 212 are oriented
substantially transversely with respect to the plane of the sheet. The body 212, and
particularly the arms 216, are sufficiently flexible such that the clip 210 may assume a
generally annular shape in the transverse configuration, e.g., to facilitate loading of the clip
210 onto a delivery device (not shown).

The expandable cells 220 are substantially enclosed loops that may at least
partially open from a compressed state (shown in FIG. 2), to an expanded state (not
shown). Preferably, the loops are biased to the expanded state, similar to the embodiments
described above, thereby allowing the clip 210 to assume a reduced diameter and an
expanded diameter.

Turning to FIG. 4, a fourth preferred embodiment of a clip 310 is shown, that is
similar to the embodiment shown in FIG. 3, except that the clip 310 includes only two
expandable cells 320. The expandable cells 320 are still disposed in a substantially
symmetrical arrangement to facilitate expansion of the clip 310 in a generally uniform
manner. As will be appreciated by those skilled in the art, a clip in accordance with the
present invention may have a variety of configurations, including two or more tissue
engaging portions or tines, and including one or more expandable cells (or optionally no
expandable cells). Preferably, the tissue engaging portions and/or expandable cells are
arranged in a substantially symmetrical configuration, for example, about a central axis.

Turning to FIG. 5, a fifth preferred embodiment of a clip 410 is shown that
includes a peripheral body 412 and a plurality of tissue engaging portions 414 terminating
in tines 418. The clip 410 may be formed from a single sheet of material, such as Nitinol,
similar to the embodiments described above.

Alternatively, as shown in FIG. 6, the clip 410 may be formed from an elongate
wire 430, e.g., a solid rod or hollow tube, such as a length of hypotube. Preferably, the
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tube 430 is semi-rigid or flexible, thereby accommodating deflection of the clip 410
between its planar and transverse configurations, as described further below. The tube 430
may be bent and tines 418 may be formed therein using conventional methods.
Alternatively, tines 418 may be formed separately and attached to the tube 430, for
example, by welding. The tube 430 may then be wound into an enclosed loop and the
cnds 432, 434 may be connected together, e.g., by welding, to provide a clip 410, such as
that shown in FIG. 5.

In this embodiment, the tissue engaging regions 414 are disposed in opposing sets
along an axis of symmetry 424 extending between looped regions 426, defining a
substantially planar configuration. The tissue engaging portions 414 may be directed
substantially transversely with respect to a plane defined by the planar configuration, but
are preferably biased to return towards the planar configuration, similar to the
embodiments described above.

In an alternative embodiment, shown in FIGS. 7A and 7B, the regions 426’
between the tissue engaging portions 414 include expandable elements 420, having a |
zigzag shape, that are expandable between a compressed state and an expanded state.
Thus, when the tube 412’ is wound to form a clip (not shown), the zigzag elements 420 are
disposed at the looped regions 426 of the clip. The zigzag elements 420 have a first width
w, in the compressed state (FIG. 7B) and a second width w, in the expanded state that is
larger than the first width (FIG. 7A). In a further alternative embodiment, shown in FIGS.
8A and 8B, the expandable elements are substantially enclosed cells 420°, preferably
having a diamond shape. Thus, similar to the embodiments described above, the
expandable elements or cells allow the clip 410°” to assume first and second diameters.

Turning to FIG. 9, an apparatus 50 is shown that may be used to deliver a clip,
such as any of the embodiments described above. Generally, the apparatus 50 includes an
introducer sheath 52, and a housing 54 slidably disposed on the sheath 56. The sheath 52
includes a substantially flexible or semi-rigid tubular body 58 including a lumen 60
extending between its proximal and distal ends 62, 64. The distal end 64 has a size and
shape to facilitate insertion into a blood vessel, e.g., having a tapered tip for facilitating

substantially atraumatic introduction through the passage and at least partially into the
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vessel. The lumen 60 has a size for accommodating insertion of one or more devices
therethrough, such as a catheter, guidewire, and the like (not shown). The sheath 52 also
preferably includes a seal (not shown), such as a hemostatic valve, within the lumen 60 at
or near the proximal end 62 that provides a fluid-tight seal, yet accommodates insertion of
one or more devices into the lumen 60 without fluid passing proximally from the sheath
52.

Optionally, the sheath 52 may include a side port 66 that communicates with the
lumen 60, for example, to allow the infusion of fluids into the lumen 60, through the
sheath 52. Alternatively, or in addition, the side port 66 may be used to provide a “bleed
back” indicator, such as that disclosed in co-pending application Serial No. 09/680,837,
filed October 6, 2000, entitled “Apparatus and Methods for Positioning a Vascular
Sheath,” which is assigned to the assignee of the present invention. Alternatively, the
apparatus 50 may include a mechanical locator (not shown), such as that disclosed in U.S.
application Serial No. __ / , filed on the same day with the present application,
entitled “Apparatus and Method for Delivering a Closure Device” (attorney docket
257/271). The disclosure of these applications and any references cited therein are
expressly incorporated herein.

The housing 54 is slidably disposed on an exterior of the sheath 52, the housing 54
configured for releasably holding the clip 10, e.g., within an annular cavity therein (not
shown). The housing may be substantially permanently attached to the sheath 52 or,
alternatively, the housing 54 may be attachable to the sheath 52, e.g., using an outer sleeve
(not shown). This outer sleeve may have the housing thereon, and the sleeve may be
advanced over the sheath 52, and coupled thereto at any time during its use. Exemplary
embodiments of a housing for use with an apparatus in accordance with the present
invention are disclosed in co-pending application Serial Nos. 09/478,179, 09/546,998, and
09/610,238, the disclosures of which are expressly incorporated herein by reference.

The housing 54 is actuable from the proximal end 62 of the sheath 52, for example,
by a housing actuator assembly (not shown), for advancing the clip 10 distally during
deployment. A rod, cable, or other control wire (not shown) may couple the housing 54 to

the actuator assembly. The housing actuator assembly may be detachable from the sheath
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52, e.g., to facilitate introduction of devices into the lumen 60. In a preferred embodiment,
the actuator may be biased to advance the housing 54 upon activation. Thus, when
activated, the housing 54 may be advanced towards the distal end of the sheath 52 to
deploy the clip 10.

Turning to FIGS. 10A-10D, the apparatus 50 may be used to deliver a clip 10, e.g.,
to close and/or seal an incision, puncture, or other passage 92 that extends from a patient’s
skin 94 through intervening tissue 96, and a wall 98 of the vessel 90. Alternatively, the
apparatus 50 may be used to deliver any of the clips disclosed herein to engage tissue in
other procedures? e.g., to connect tissue segments together or otherwise to secure tissue
structures engaged by the clip with respect to one another. For example, the apparatus and
clip may be used to attach an anastomosis during a bypass procedure. It will be
appreciated by those skilled in the art that a clip and/or apparatus in accordance with the
present application may be useful in a variety of procedures, including tubal ligations, and
the like.

Generally, the clip 10 is pre-loaded in the housing 54 before the procedure. The
clip 10 may be constrained in its substantially transverse configuration and then introduced
over the distal end 64 of the sheath 52 and into the cavity or otherwise loaded in the
housing 54. Because the tissue engaging portions (not shown) of the clip 10 are biased to
a planar configuration, they may engage an inner wall (not shown) of the housing 54 or an
outer surface of the sheath 52, thereby constraining the clip 10 in its transverse
configuration. Alternatively, the clip 10 may be directed over the distal end 64 of the
sheath 62, thereby causing the tissue engaging portions to deflect transversely from the
planar configuration towards a substantially axial or distal configuration.

As shown in FIG. 10A, the sheath 52 may be inserted or otherwise positioned
within the blood vessel 90, i.e., through the passage 92. The sheath 52 is preferably
provided with the housing 54 in its proximal position, e.g., without the housing actuator
assembly (not shown) attached. Alternatively, the housing actuator assembly may be
provided attached to the sheath 52 as long as the lumen 60 may be accessed. In a further
alternative, the hoﬁsing 54 may be provided separately from the sheath 62 with the clip 10

preloaded therein. For example, the housing 54 may be provided on an elongate member,
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such as a tubular or U-shaped sleeve (not shown), that may be advanced over and coupled
to the sheath 64 at any time before deployment of the clip 10. The housing actuator may
be coupled to the sleeve and/or may be attachable to the sleeve.

The sheath 52 may be advanced over a guidewire or other rail (not shown)
previously positioned through the passage 92 into the blood vessel 90 using a conventional
procedure. Preferably, the blood vessel 90 is a peripheral vessel, such as a femoral, radial,
or carotid artery, although other body lumens may be accessed using the sheath 52, as will
be appreciated by those skilled in the art.

The passage 92, and consequently the sheath 52, may be oriented at a substantially
acute angle “alpha” with respect to the vessel 90, thereby facilitating introduétion of
devices through the lumen 60 of the sheath 52 into the vessel 90 with minimal risk of
damage to the vessel 90. One or more devices, such as a guide wire, a catheter, and the
like (not shown), may be inserted through the sheath 52 and advanced to a desired location
within the patient’s body. For example, the devices may be used to perform a therapeutic
or diagnostic procedure, such as angioplasty, atherectomy, stent implantation, and the like,
within the patient’s vasculature.

After the procedure is complete, the device(s) may be removed from the sheath 52.

The sheath 52 may be manipulated to position the distal end 64 with respect to the opening

© 92, e.g., to ensure that the housing 54 is advanced to properly deploy the clip 10 in the

wall 98 of the vessel 90. Bleed back or mechanical locators may be used to facilitate this
positioning.

As shown in FIG. 10B, with the sheath 52 properly positioned, the housing 54 may
be actuated, for example, to advance the housing 54 distally into the passage 92 tb deliver
the clip 10. Preferably, movement of the housing 54 with respect to the distal end 64 of
the sheath 52 is limited, e.g., by the actuator assembly. Thus, the housing 54 may only be
advanced a fixed distance such that the clip 10 substantially engages the wall 98 of the
blood vessel 90, e.g., until the tines 18 penetrate but do not pass completely through the
wall 98. Once the clip 10 is successfully deployed within the passage 92, i.e., into the wall
98 of the vessel 90, the apparatus 50 may be withdrawn from the passage 92.



10

15

20

25

WO 02/45593 PCT/US01/46318
-15-

In addition, as the clip 10 is deployed from the housing 54, the clip 10 may expand
radially to an enlarged diameter (not shown), for example, if the clip 10 includes
expandable elements (not shown), such as those described above. Thus, the clip 10 may
be compressed into the housing 54, e.g., thereby allowing a smaller profile housing 54 to
be used. The clip 10 may be expanded upon deployment to engage a larger area of tissue
adjacent the opening in the wall 98 of the vessel 90.

As shown in FIG. 10C, as the distal end 64 of the sheath 52 is withdrawn
proximally from around the clip 10, the tines 18 of the clip 10 are free to return towards

the planar configuration. Thus, the tines 18 begfn automatically to move from a

. substantially axial configuration to a less transverse configuration. Because the tines 18

are engaged to the tissue, however, they may not return completely to the planar
configuration. Because of the bias to the planar configuration, however, the tines 18
automatically pull the tissue together, thereby closing and/or sealing the passage 92, as
shown in FIG. 10D. In addition, if desired a sealant or other material may be introduced
into the passage 92 in conjunction with or separate from delivery of the clip 10 to further
seal the passage 92, as is known to those skilled in the art.

Turning to FIGS. 11A-11C, another method is shov&n in which the apparatus 50
may be used to deliver a clip 10, e.g., to engage intervening tissue 96 to close and/or seal
an incision, puncture, or other passage 92 that extends from a patient’s skin 94 through the
intervening tissue 96, to a wall 98 of the Vess.el 90. Asshown in FIG. 11A, the sheath 52
may be inserted or otherwise positioned within the blood vessel 90, i.e., through the
passage 92. One or more devices (not shown) may be inserted through the sheath 52 to
perform a procedure within the patient’s body. After the procedure is complete, the
device(s) may be removed from the sheath 52, and the sheath 52 may be manipulated to
position the distal end 64 within the passage 92,

Turning to FIG. 11B, with the sheath 52 properly positioned, the housing 54 may
be actuated, for example, to advance the housing 54 distally into the passage 92 to deliver
the clip 10 to a location between the patient’s skin 94 and the vessel wall 98. The clip 10
may be deployed from the housing 54, thereby substantially engaging fascia or other
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intervening tissue 96 with the tines 18. Once the clip 10 is successfully deployed within
the passage 92, the apparatus 50 may be withdrawn from the passage 92. -

As shown in FIG. 11C, as the distal end 64 of the sheath 52 is withdrawn
proximally from around the clip 10, the tines 18 of the clip 10 are free to return towards
the planar configuration. Because of the bias to the planar configuration, the tines 18
automatically pull the tissue together, thereby closing and/or sealing the passage 92, as
shown in FIG. 10D.

In a further alternative, shown in FIG. 12, a clip 450 may be provided that includes
a first set of tines 418 having a first length 1,, and a second set of tines 419 having a second
length 1, substantially shorter than the first length 1,. During use, similar to one of the
methods described above, the clip 450 may be deployed such that the first set of tines 418
penetrate into and/or engage the wall of a blood vessel or other body lumen (not shown),
while the second set of tines 418 engage extra-vascular tissue, i.e., tissue between the
vessel wall and the patient’s skin. Thus, the clip 450 may simultaneously close both the
opening in the vessel wall and the passage through the intervening tissue.

Turning to FIG. 13, another preferred embodiment of a clip 510 is shown for
engaging tissue, in accordance with the present invention. The clip 510 includes a
peripheral body 512 and a plurality of tissue engaging portions 514. Each tissue engaging
portion 514 includes a pair of legs 5 16 terminating in a tine 518 configured for penetrating
or otherwise engaging tissue. The tissue engaging portions 514 are disposed substantially
symmetrically about a central axis 524. The body 512 also preferably includes a plurality
of expandable cells 520 that are connected by hinged regions 522 that also connect
adjacent tissue engaging portions 514, the cells 520 behaving similar to the embodiments
described above.

In a preferred embodiment, the body 512 and tissue engaging portions 514 are
integrally formed from a single sheet of material, such as a Nitinol, similar to the
embodiments described above. The clip 510 is shown in a relaxed state with the tissue
engaging portions 514 disposed radially outward in a substantially planar configuration.

Similar to the previous embodiments, the tissue engaging portions 514 may be deflected
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such that they extend from the body 512 substantially transversely with respect the plane
defined by the sheet (similar to FIG. 1B).

Preferably, the tissue engaging portions 514 are biased from the transverse
configuration away from one another, i.e., towards the planar configuration. Thus, with
the tissue engaging portions 514 in the transverse configuration, the tines 518 may be
engaged with tissue. When the clip 510 is released, e.g., from within a delivery device, the
tissue engage portions 514 may attempt to return to the planar configuration, thereby
securing the tissue with respect to the clip 510.

In addition, the clip 510 may include expandable cells 520 that are expandable
from a compressed state to an expanded state (similar to FIG. 1C), similar to the previous
embodiments. Preferably, the expandable cells 520 are biased to the expanded state, but
may be compressed to the compressed state, €.g., by constraining the clip 510.
Alternatively, any of the clips described herein may be biased to the compressed state but
may be expanded to the expanded state, e.g., by constraining the clip over a sheath or other
elongate member.

Turning to FIG. 14, yet another preferred embodiment of a clip 610 is shown that
includes a peripheral body 612 and a plurality of tissue engaging portions 614 terminating
in tines 618. The clip 610 may be formed from a single sheet of material, such as Nitinol
or may be formed from a wire, rod or tube (not shown), similar to the embodiments
described above. The tissue engaging regions 614 are disposed in opposing sets oriented
away from one another along an axis of symmetry 624, defining a substantially planar
configuration.

The tissue engaging portions 614 may be directed substantially transversely with
respect to a plane defined by the planar configuration, for example, by loading the clip 614
into a housing or lumen of a delivery device (not shown). The tissue engaging portions
614 are preferably biased to move away from one another, i.e., towards the planar
configuration. In an alternative embodiment, the looped regidns 626 or other regions of
the body 612 may include expandable elements (not shown), e.g., having a zigzag shape, a

diamond shape, and the like.
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Turning to FIG. 15, still another preferred embodiment of a clip 710 is shown that
includes a peripheral body 712 and a plurality of tissue engaging portions 714 terminating
in tines 718. The clip 610 is similar to the previous embodiment, except that the tissuc
engaging regions 714 are disposed in opposing sets along an axis of symmetry 724, but are
oriented in a common direction. The tissue engaging portions 714 may be directed
substantially transversely with respect to a plane defined by the planar configuration. The
tissue engaging portions 714 are preferably biased to return towards the planar ‘
configuration shown. In an alternative embodiment, the looped regions 726 or other
regions of the body 712 may include expandable elements (not shown), e.g., having a
zigzag shape, a diamond shape, and the like, similar to the previous embodiments.

The clip 710 may be constrained on a delivery apparatus (not shown), similar to .
that described above, such that the tissue engaging portions 714 are all directed
substantially transversely, preferably distally, to facilitate their engagement into tissue
during deployment, as will be appreciated by those skilled in the art. Unlike previous
embodiments, which may close tissue around an opening, this embodiment may be useful
when it is desired to maintain the relative position of tissue being engaged by thew clip
710.

While the invention is susceptible to various modifications, and alternative forms,
specific examples thereof have been shown in the drawings and are herein described in
detail. It should be understood, however, that the invention is not to be limited to the
particular forms or methods disclosed, but to the contrary, the invention is to cover all
modifications, equivalents and alternatives falling within the spirit and scope of the

appended claims.
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WHAT IS CLAIMED IS:

1. A device for engaging tissue, comprising:

a generally annular-shaped body defining a plane; and

a plurality of tissue engaging portions.extending from the annular-shaped body
substantially transversely with respect to the plane, the tissue engaging portions being

biased towards a substantially planar configuration lying in the plane.

2. The device of claim 1, wherein the tissue engaging portions comprise barbs
for penetrating tissue.
3. The device of claim 1, wherein the tissue engaging portions comprise a first

set of tines having a first length and a second set of tines having a second length shorter

than the first length.

4. The device of claim 3, wherein the tissue engaging portions and the

annular-shaped body are formed from a sheet of material.

5. The device of claim 4, wherein the sheet of material comprises a

superelastic alloy.

6. The device of claim 4, wherein the tissue engaging portions are formed
from the sheet of material in the substantially planar configuration, the tissue engaging
portions being deflectable substantially transversely with respect to the plane to define a

substantially transverse configuration.

7. The device of claim 1, wherein the annular-shaped body comprises hinged

regions connecting adjacent tissue engaging portions.

8. The device of claim 1, wherein the tissue engaging portions are disposed

symmetrically about a central axis.
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9. The device of claim 1, wherein the tissue engaging portions are disposed in

opposing sets along a linear axis.

10. The device of claim 1, wherein the annular-shaped body comprises an
expandable element disposed along a periphery of the annular-shaped body, the
expandable element being expandable between expanded and compressed states for

increasing and reducing a peripheral dimension of the annular-shaped body, respectively.

11. The device of claim 10, wherein the expandable cell is biased to the

expanded state.

12. The device of claim 10, further comprising a plurality of expandable cells
disposed about the periphery of the annular-shaped body.

13. The device of claim 1, wherein opposing tissue engaging portions are

oriented towards one another in the substantially planar configuration.

14. The device of claim 1, wherein opposing tissue engaging portions are

oriented away from one another in the substantially planar configuration.

15. The device of claim 1, wherein the tissue engaging portions are oriented in

a common direction in the substantially planar configuration.

16. The device of claim 1, wherein the body comprises a wire or tube formed

into a generally annular shape.

17. A device for engaging tissue, comprising:

a generally annular-shaped body defining a plane;



10

15

20

25

30

WO 02/45593 PCT/US01/46318

-921-

a plurality of tissue engaging portions extending from the annular-shaped body
substantially transversely with respect to the plane; and

an expandable element disposed along a periphery of the annular-shaped body, the
expandable element being compressible to a compressed state to facilitate delivery and
being biased to expand from the compressible state to an expandable state for increasing a

peripheral dimension of the annular-shaped body upoh deployment.

18. The device of claim 17, wherein the expandable element comprises an
enclosed cell having a first width in the expanded state and a second width in the

compressed state that is smaller than the first width.

19. The device of claim 18, wherein the enclosed cell has a diamond shape.

20. The device of claim 17, wherein the expandable element comprises a zigzag
element.

21. The device of claim 17, wherein the expandable element comprises an

arcuate element.

22. The device of claim 17, wherein the tissue engaging portions are biased

towards a substantially planar configuration lying in the plane.

23. The device of claim 22, wherein opposing tissue engaging portions are

biased towards one another in the substantially planar configuration.

24. The device of claim 22, wherein opposing tissue engaging portions are

biased away from one another in the substantially planar configuration.

25. The device of claim 22, wherein the tissue engaging portions are formed in

the substantially planar configuration, the tissue engaging portions being deflectable
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substantially transversely with respect to the plane to define a substantially transverse

configuration.

26. An apparatus for delivering a clip into engagement with tissue, comprising:

an elongate member comprising proximal and distal ends defining a longitudinal
axis therebetween,;

a housing slidably disposed on the elongate member, the housing including an
annular cavity therein; and

a clip disposed within the cavity in the housing, the clip comprising a generally
annular-shaped body defining a plane, and a plurality of tissue engaging portions
extending distally from the annular-shaped body, the tissue engaging portions being biased
towards a substantially planar configuration substantially perpendicular to the longitudinal

axis.

27. The apparatus of claim 28, wherein the elongate member comprises an

introducer sheath including a lumen extending between the proximal and distal ends.

28. The apparatus of claim 26, wherein the housing is actuable for advancing
the clip distally towards the distal end of the elongate member to deploy the clip from the

cavity.

29. The apparatus of claim 28, further comprising an actuator coupled to the
housing, the actuator configured for advancing the housing distally to deploy the clip.

30.  The apparatus of claim 29, further comprising a spring mechanism for

biasing the housing distally upon activation of the actuator.

31. The apparatus of claim 26, further comprising a locator element for

positioning the distal end of the sheath.
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32. The apparatus of claim 31, wherein the locator element comprises a bleed
back lumen.
33. The apparatus of claim 31, wherein the locator element comprises a

plurality of expandable positioning elements deployable from the distal end of the sheath.

34, The apparatus of claim 26, wherein the annular-shaped body comprises one
or more expandable cells disposed about a periphery of the annular-shaped body, the
expandable cells being expandable between a compressed state for reducing a peripheral
dimension of the clip to facilitate its insertion into the cavity, and an expanded state for

increasing the peripheral dimension of the clip once deployed from the cavity.

35. The apparatus of claim 34, wherein the expandable cells are biased to the

expanded state.

36. The apparatus of claim 26, wherein opposing tissue engaging portions are

oriented towards one another in the substantially planar configuration.

37. The apparatus of claim 26, wherein opposing tissue engaging portions are

oriented away from one another in the substantially planar configuration.

38. A method for making a device for engaging tissue, comprising:

providing a substantially flat sheet defining a plane;

forming a peripheral portion and a plurality of tissue engaging portions extending
in the plane from the peripheral portion, thereby defining a substantially planar
configuration; and

deflecting the tissue engaging portions substantially transversely with respect to the
plane, thereby defining a substantially transverse configuration, the tissue engaging
portions being biased from the substantially transverse configuration towards the

substantially planar configuration.
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39. The method of claim 38, wherein the tissue engaging portions comprise
tines disposed about a central axis. -
40. The method of claim 38, wherein the tissue engaging portions comprise

tines that are disposed in opposing sets on either side of a linear axis.

41. The method of claim 38, wherein the forming step further comprises

forming one or more expandable clements in the peripheral portion.

42.  The method of claim 41, wherein the expandable elements are expandable
from a compressed state to an expanded state for increasing a peripheral dimension of the

peripheral portion.

43, The method of claim 42, wherein the expandable cells are biased to the

expanded state.

44.  The method of claim 38, wherein opposing tissue engaging portions are

oriented towards one another in the substantially planar configuration.

45. The method of clain1 38, wherein opposing tissue engaging portions are

oriented away from one another in the substantially planar configuration.

46. The method of claim 38, wherein opposing tissue engaging portions are

oriented in a common direction in the substantially planar configuration.

47, A method for making a device for engaging tissue, comprising:
providing an elongate wire or tube having-a plurality of tissue engaging portions

extending substantially transversely from the wire or tube;
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forming the wire or tube into a generally annular shape defining a plane, the
plurality of tissue engaging portions lying in the plane, thereby defining a substantially
planar configuration; and

deflecting the tissue engaging portions substantially transversely with respect to the

plane, thereby defining a substantially transverse configuration.

48. The method of claim 47, wherein the tissue engaging portions are biased
from the substantially transverse configuration towards the substantially planar

configuration.

49. The method of claim 47, wherein the tissue engaging portions comprise

tines formed directly in the wire or tube.

50. The method of claim 49, wherein the tissue engaging portions comprise

tines attached to the wire or tube.

51. The method of claim 49, wherein the forming step further comprises

forming one or more expandable elements in the wire or tube.

52. The method of claim 51, wherein the expandable elements are expandable
from a compressed state to an expanded state for increasing a peripheral dimension of the

generally annular shape of the wire or tube.

- 53. The method of claim 52, wherein the expandable cells are biased to the

expanded state.

54, The method of claim 49, wherein opposing tissue engaging portions are

oriented towards one another in the substantially planar configuration.
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55. The method of claim 49, wherein opposing tissue engaging portions are

oriented away from one another in the substantially planar configuration.
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